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O : ABSTRACT 
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■ We report on the detection of two Ha-emitting extreme compact objects from 
^ ' deep images of the Abell 634 and Abell 539 clusters of galaxies at 2; ~ 0.03. Fol- 

>■ ■ low up long slit spectroscopy of these two unresolved sources revealed that they 

^ ■ are members of their respective clusters showing Hll type spectra. The luminos- 

O ' ity and the extreme equivalent width of Hq;+[Nii] measured for these sources, 

^ ■ together with their very compact appearance, has raised the question about the 

^ ■ origin of these intense starbursts in the cluster environment. We propose the 

' compact starburst in Abell 539 resulted from the compression of the interstellar 

Q^' gas of a dwarf galaxy when entering the cluster core; while the starburst galaxy 

O ' in Abell 634 is likely to be the result of a galaxy-galaxy interaction, illustrating 

^ • the preprocessing of galaxies during their infall towards the central regions of 

■ clusters. The contribution of these compact star-forming dwarf galaxies to the 

■ star formation history of galaxy clusters is discussed, as well as a possible link 
^ ■ with the recently discovered early-type ultra-compact dwarf galaxies. We note 

■ that these extreme objects will be rarely detected in normal magnitude-limited 
optical or NIR surveys, mainly due to their low stellar masses (of the order of 
10^ M0), whereas they will easily show up in dedicated Ha surveys given the 
high equivalent width of their emission lines. 

Subject headings: galaxies: clusters of galaxies, ICM — galaxies: starburst, abun- 
dancies, star-formation 



1. Introduction 



The understanding of the role played by the environment on galaxy evolution still re- 
mains a major issue. A key aspect to understanding the evolution of galaxies in clusters 
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is the knowledge of their star formation (SF) history, intimately related to their morphol- 
ogy and gas content. Indeed, it has been reported that the global star formation rates of 
spiral galaxies located in the innermost regions of nearby and intermediate redshift clusters 
appear strongly depresse d as compared to the results found for similar galaxies at large r 



clustercentric radii (e.g. iBalogh et al.l Il998l . 12004 : iGavazzi et al.1 12OO2I : iLewis et al.l I2OO2I ). 



Less information is available in the literature with respect to the evolution of the SF activ- 
ity of the population of dwarf galaxies in clusters. To date, only a handful of works have 



ular galaxies in nearby clusters (e.g. 


Gallagher & Hunter 


19891: 


Drinkwater & Hardv 


1991 


Vilchea 


1995; 


Due et al. 


2001 


BoseUi et al.ll2002: 


lelesias-Paramo et al. 


2003; 


Lee et al. 


2003 


Vilchez & lelesias-Paramo 


2003 


)■ 



Several physical mechanisms have been invoked to exp lain the influence of the cluster 
environment on the evolution of star-forming galaxies (see iBoselli fc Gavazzil |2006| ) . Gas- 
rich late-type galaxies falling for the first time into the intra-cluster medium (ICM) of a 
rich cluster can suffer compression of their interstellar medium by ram pressure, trigger- 
ing star formation bursts; this process can be followed by the stripping of their external 
gaseous component, thus inducing a quenching of their star formation activity. In addition, 
gravitational interactions could give rise to different kinds of tidal inte ractions: with other 
galaxies, with the cluster potential, "harassment" (IMoore et al.ll2000l ). Other important 
processes include "starvatio n" of galactic ga s component and "preprocessing" of galaxies in 
falling groups into clusters (jPoggiantil 120041 ) . Overall, SF activity is expected to be more 
efficient in high velocity objects at th e periphery of th e clusters, as shown by numerical 
simulations (IFujita fc Nagashimalll999l : iMori et al.ll2000l ). From the observational point of 
view, it is not yet clear if the SF activity of cluster dwarf irregulars may vary along the clus- 
tercentric radius. It seems clear that dwarf galaxies and large spirals should show different 
responses to the action of cluster t idal fields as a physical consequence of their different mass 
concentrations (IMoore et al.lll999l ). To date, there is not enough observational information 
available on the evolution of star-forming dwarf galaxies in clusters, mostly a consequence 
of the magnitude-limited searches. 

Isolated intergalactic Hll regions have been recently found in the vicinity of cluster 
spirals, thus providi ng evidence for thei r origin in tidal inte ractions and from previously 
processed material (iGerhard et al.l l2002l : ICortese et al.l 120041 ) . Furthermore , a population 



of intergalactic planetary ri ebulae (PN) h as been reported to exist i n Virgo (IFreeman et al. 



2000l : lArnaboldi et al.ll2003h and in Coma flGerhard et al.ll200ll2005[ ) clusters. Obviously the 
luminosity contrast of the emission lines of Hll regions and PN and their relative compactness 
has allowed them to be detected in nearby clusters, but not in more distant ones given their 
low luminosities. 
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A new class of ultr a compact dwarf galaxies (UC DGs) in the nearby clusters Fornax 
( iDrinkwater et al.l 120001 ) and Virgo (I Jones et al.ll2006l ) has been recently discovered. These 
galaxies show extremely compact surface brightness profiles and sizes slightly larger than 
those of stellar clusters , a few tens of pc, with absolute B magnitude -13 < Mb < -11 
( iDrinkwater et al.ll2004j ). and typically also present spectra lacking emission-lines. Two ex- 
planations for the nature of these galaxies have been proposed: either they are the successors 
of tidal ly stripped dEs, or they have originated from merged young massive clusters of tidal 
origin (IMieske et al.ll2006l ). Up to now, the typical UCDGs reported in clusters do not ap- 
pear to show recent star formation activity, thus the possibility of analogous star-forming 
UCDGs in the cluster environment could shed light on the nature and evolution of dwarf 
galaxies. 

A rather unexplored possibility is the search for very compact, actively star- forming 
dwarf galaxies in clusters. These galaxies should show emission lines with high equivalent 
widths, as shown by PN and Hll regions, though their expected intrinsic luminosity would be 
much larger than in the case s of PN and Hll regio ns, thus favou ring their detection in c lusters. 
Besides the work on Virgo ( iGerhard et al.ll2002l ) and Fornax (iDrinkwater et al.ll200ll ). there 
is recent evidence for "missing" compact galaxies in the local field, i.e. galaxies that have 
been misclassified as stars due to their compac tness by standar d star-galaxy separation 
techniques, in the Millennium Galaxy Catalogue (iLiske et al.ll2006l ). 



In this work we report on the detection and properties of two very compact strong star- 
bursts that have been found associated to the clusters of galaxies Abell 539 and Abell 634. 
These two objects were discovered by visual inspection of some Ha frames covering ap- 
proximately l°x 1° on the basis of their compactness and strong Ha emission. The parent 
clusters are approximately at the same distance {z ^ 0.03) and show rather different prop- 
erties: whereas Abell 539 is a rich X-ray luminous cluster, Abell 634 is a poor, disperse 
cluster, for which only an upper limit in X-ray by ROSAT is available, probably indicating 
an ongoing galaxy assembling from the cluster outskirts. The adopted heliocentric veloci- 
ties (velocity dispersions) for A539 and A634 are 8514 km s~^ ((Ja^ h9 = 629 km s~^) and 



7945 km s ^ (cr^634 = 391 km s ^) respectively (IStruble fc Roodlll999l ). Thus assuming stan- 



dard cosmology with Hq = 70 km s ^ Mpc ^, Qm = 0.3 and flvAc = 0.7, the distances to 
the clusters adopted throughout this paper are 124.2 (Abell 539) and 115.7 Mpc (Abell 634). 

This paper is organized as follows: Section 2 describes the observations and data han- 
dling. Section 3 enumerates the main observational properties of the two galaxies and in 
section 4 we discuss their main properties, origin and evolutionary stage. Finally, in Sec- 
tion 5 we present our conclusions and final remarks about the relative importance of these 
kinds of objects for the SFR budget of nearby clusters of galaxies. 
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2. Observations 
2.1. Imaging 

Ha+continuum imaging of tlie two starburst sources DRP-A539a and DRP-A634a, were 
obtained witli the Wide Field Camera (WFC) attached to the Prime Focus of the 2.5m Isaac 
Newton Telescope (INT), at the Observatorio de El Roque de los Muchachos (ORM), La 
Palma, Spain, in December 2002 and 2003, and February 2003. The WFC consists of an 
array of four thinned AR coated EEV 4k x 2k devices, plus a fifth used for autoguiding. The 
pixel scale is 0.33 arcsec pixel"^, which gives a total field of view of about 34' x 34'. Given 
the particular arrangement of the detectors, a squared area of about 11' x 11' is lost in the 
top right corner of the field. Given the redshift of these objects, an ON-band narrow filter 
(Ao = 6725A, AXpwHM = 85A) to isolate the Ha emission and an OFF-band narrow filter 
(Ao = 6563A, AXpwHM = 95A) to measure the continuum emission corresponding to the 
redshifted Ha line were used. At least four different exposures, slightly dithered to remove 
cosmic rays, were obtained for each position with each filter. The typical seeing of our frames 
was between 0.8 and 1.5 arcsec except for a few nights of the 2002 run that were around 2 
arcsec. Table [1] shows a log of the imaging observations. 

Data reduction was performed using the standard software package IRAF0 following 
the standard procedure of bias correction, fiat-fielding and fiux calibration. In order to 
properly subtract the continuum from the Ha emission, the counts of the OFF-band frames 
were scaled so that the counts of (non saturated) field stars were the same in ON-band and 
OFF-band frames. 

ON-band observations of the spectrophotometric standard stars G191-B2B, PG0934+554, 
PG0834+546, BD+33 2642, Feige 56 and Feige 67 were taken to perform the flux calibra- 
tion of our objects. The accuracy of the zero point was 0.05 mag. The photometry of the 
ON-band and OFF-band sources was performed with the IRAF task qphot, and consisted 
of circular aperture photometry until convergence of the growth curve was achieved. 

Both objects, DRP-A539a and DRP-A634a, appear very compact and much brighter in 
ON-band than in OFF-band, as shown in figs [T] and [21 While DRP-A539a appears to be an 
isolated source, a diffuse low surface brightness structure has been detected extending North 
East from DRP-A634a. Hereafter, the compact source will be referred to as DRP-A634a, 
whereas the diffuse low surface brightness structure will be named LSB-A634a. Some knotty 
faint Ha emission can be seen at the northern tip of LSB-A634a, which will be referred to 



""^ Image Reduction and Analysis Facility, written and supported at the National Optical Astronomy Ob- 
servatories. 
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as LSB-A634a_k;not. Table [2] shows the relevant photometric properties of these objects, as 
measured from our Ha and continuum frames. The luminosities have been corrected for 



Galac tic extinction following ISchlegel. Finkbeiner fc David ( 1l998l ). and the ICardelli et al. 



(119891 ) extinction curve. The Ha+[Nll] luminosity of LSB-A634a_knot has been estimated 
assuming that it is located at the same distance as DRP-A634£@. 



2.2. Spectroscopy 

Long slit spectroscopy of DRP-A539a, DRP-A634a and LSB-A634a was obtained with 
the Alhambra Faint Object Spectrograph and Camera (ALFOSC) attached to the 2.5m 
Nordic Optical Telescope (NOT) at the ORM on 19th November 2004 and 9th December 
2004. Grisms #8 and #14 were used, giving useful spectral ranges of A5825-8350A and 
A3275-6125A respectively. The spatial resolution across the slit was 0.19" pix~^. During 
the first night, the slit width was set to 1.2" resulting in an effective spectral resolution of 
7.1 A and a 1800 s exposure for each spectral range was obtained for DRP-A634a. The 
second night was devoted to DRP-A539a and LSB-A634a. Due to an improvement in the 
weather conditions the slit width was set to 0.4", yielding a spectral resolution of 2.8 A. A 
total of 3x1800 s exposures for each spectral range of DRP-A539a were taken with the slit 
oriented along the parallactic angle. Finally, a 600 s exposure using grism #8 was performed 
in order to observe the extended emission of LSB-A634a; in this case, the slit was centered 
on DRP-A634a and was carefully oriented at an angle of 54° (from North to East). Due to 
an increase in the humidity, this exposure was stopped after 600 s. Table [3] shows the log of 
spectroscopic observations. 

Data reduction was performed using IRAF, following the standard procedure of bias 
correction, flat-fielding and wavelength and flux calibration. 1-D spectra of DRP-A539a and 
DRP-A634a were extracted by adding the flux in the spatial sections along the slit which 
maximize their signal to noise ratios. A total of 10 and 7 pixels were added for DRP-A539a 
and DRP-A634a respectively. The same procedure was followed to extract a 1-D spectrum 
for LSB-A634a. As a consequence of its low surface brightness only a faint emission line, 
spatially corresponding to LSB-A634a_knot, was obtained after adding a total of 21 pixels. 
As indicated below, this emission line was identified as Ha. 

Both nights were only partially photometric, so an absolute spectrophotometric flux 
calibration was not attempted. However, the spectrophotometric standard star Hiltner 600 
was observed before and after each object with each grism, thus a relative calibration of the 



^The possible origins of these objects and their environment will be discussed in Section 3. 
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spectra in physical units was performed. The spectra corresponding to the red grism were 
scaled to the blue ones by using the continuum level and the flux of the [Hel]A5876A line, 
present in the blue and red spectra. The scaling factors were found to be ~ 1 within an 
error bar of ~ 20%. Beyond 7600A fringing effects begin to be noticeable and data at longer 
wavelengths is ineffective. Figures [3] and H] show the combined (red grism + blue grism) 
spectra of DRP-A539a and DRP-A634a respectively. Both spectra are dominated by narrow 
emission lines and show a very faint underlying continuum. 

The emission lines were measured with the IRAF task splot. The errors of the line fluxes 
are estimated from the standard deviation of a series of independent repeated measurements, 
sampling the adjacent continuum for each line. In order to calculate the extinction, the 
Balmer decrement was c omputed using the Ha, H /3, H7 and B.6 line fluxes and compared to 



their theoretical values ( IHummer fc Storey! 119871 ). Given the low continuum shown by both 



objects, no correction for underlying absorption was performed. 

Radial velocities were computed from a sigma-weighted average of the redshifts corre- 
sponding to the individual emission lines. After applying the heliocentric corrections, values 
ofvrad = 8940±40 km s'^ and 8470±30 km s^^ were found for DRP-A539a and DRP-A634a 
respectively. The quoted errors correspond to the standard deviations of the velocities de- 
rived from individual lines. The measured velocities are offset by about 500 km s~^ from 
the mean heliocentric velocities adopted for the parent clusters. As will be discussed in 
Sections 4.1 and 4.2, the projected positions of our two objects with respect to the center 
of the clusters, together with their redshifts, are consistent with their corresponding cluster 
memberships. 

In the spectrum of LSB-A634a_knot, shown in flg. [5l despite the low signal to noise 
ratio, an emission line was detected at the 3.5 a level. This line, centered at A = 6747A is 
almost coincident with the wavelength of the Ha line of DRP-A634a. Assuming that this line 
effectively corresponds to Ha, a radial velocity of 8390 km s~^ is inferred for LSB-A634a_knot, 
after correcting for heliocentric relative motions. 

In table |4] we present the spectroscopic properties of DRP-A539a and DRP-A634a: 
reddening corrected line fluxes, reddening coefficient C{H(3), equivalent widths of H/3, Ha 
and [On] , H/3 flux, as well as the fluxes of the most prominent emission lines relative to H/3. 
As can be seen, the values reported for the Ha equivalent width, though slightly larger than 
the ones derived from Ha imaging are consistent within the errors. 

Table H] also shows the electron temperatures and oxygen abundances derived using 
temden and ionic tasks in the IRAF nebular package in STSDAS. Oxygen abundances were 
derived directly from spectral lines of [Oll]A3727, [Olll]AA4959,5007 and using their electron 
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temperatures from the measurements of [Olll]A4363. 



3. Results 

Figure [6] shows the radial profile^ of DRP-A539a and DRP-A634a, derived from our 
sharpest images. The first is marginally different from the typical stellar profile, showing 
a radius at half maximum tfwhm — 0.44" {{rp^HM) — 0.39"). The second is almost 
indistinguishable from the stellar profile, with tfwhm — 0.39" {{tf^jjm) — 0.38"). After 
correcting these profiles for the effect of seeing under the assumption of gaussian PSF0, 
effective (half light) radii of 0.14" and 0.09" are derived, which correspond to 84 and 32 pc 
for DRP-A539a and DRP-A634a respectively. These effective radii are lower than most 
values presented for misclassified compact galaxies in the Millennium Galaxy Catalogue 
(ILiske et al.ll2006r) and resemble the values typically shown by UCDGs in nearby clusters 



flDrinkwater et al.ll2004f ). 



As concerns LSB-A634a, the length of its major axis from our continuum image was 
estimated to be ~ 28". At the distance of DRP-A634a this length corresponds to 16 kpc. 
This value is in good agreement with the dimensions of edge-on disc galaxies. The angular 
size of the system argues against it being a high redshift object. If, for example, the emission 
line reported in Section 2.2 was one of the [Olll] lines, the redshift would be 2: ~ 0.35, and 
the corresponding diameter of the system at such a distance would be 138 kpc, which is 
highly unlikely for an edge-on galaxy. For the same reason, we can discard the possibility of 
this system being located at larger distances. 

Broad band magnitudes can be derived for DRP-A634a since SDSS frames are avail- 
able. Aperture photometry corrected for Galactic extinction of DRP-A634a yields Mgi = 

— 15.81 mag and Mr> = —14.50 mag. The broad band magnitudes of the composite sys- 
tem LSB-A634a+DRP-A634a were also derived, obtaining Mg/ = —17.38 mag and M^/ = 
—17.30 mag. Since DRP-A539a was observed with the Gunn r' filter, a value of Mj.' ~ 

— 16.07 mag was estimated for this galaxy. By a pplying the average q^—r^ = —0.02 mag of the 
sample of Ultracompact Blue Dwarf Galaxies of lCorbin et al.l (120061 ). a value of Mg/ ^ —16.09 



We derived the radial profiles using the IRAF task radprof. This task fits a point spread function on 
each star and selected objects in the field through an input coordinate file, deriving a Full Width at Half 
Maximum of the fitted profile. 

* lOriver et allboosi have reported a slight deviation of a gaussian behaviour when correcting effective 



radii of galaxies for the effect of seeing in the Millennium Galaxy Catalogue (MGC). For the scope of this 
work gaussianity behaviour of the PSF is assumed. 
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is obtained for DRP-A539a. The magnitudes derived for D RP-A539a and DRP -A634a are 
brighter than those typical o f early-type UCDGs i n clusters (IMieske et al.ll2006l ). Neverthe- 
less, the Starburst99 model (ILeitherer et al.lll999l ) predicts that the optical magnitudes of 
an instantaneous burst of star formation can fade by more than 3 magnitudes in about 10^ 
yr. These results together with the limits to the sizes of DRP-A539a and DRP-A634a, open 
the possibility of them being the progenitors of early-type UCDGs recently found in nearby 
clusters. 

The equivalent widths of the most conspicuous Balmer emission lines of our two objects 
are relatively high: EW(H/3) (77 and 280A for DRP-A539a and DRP-A634a respectively) 
are in fact above the median value (~ 40A) reported for the sample of Hll galaxies of 



ter of Due et al. 



Terlevich et al.l ( 19911) a nd also for the sample of Hl-rich dwarf galaxies in the Hydra clus- 



(120011 ) ■ In addition, EW(Ha+[Nll]) (510 and 1290 A respectively) are 



several times larger than the corr esponding values of star forming dwarf galaxies reported 



Boselli et al. 



in other clusters s uch as F ornax (IDrinkwater et al.l 120011) . Virgo (IBoselli fc Gavazzi 



20021). Coma (jiglesias-Paramo et al.l |2002| ) and A136 7 (llglesias-Paramo et al. 



2002 



20021 : ICortese et al.lboOfil ). When comparing with the UCBDs of ICorbin et all kood ) we 
find that the equivalent width of DRP-A539a is among the typical values of this sample, but 
DRP-A634a remains an extreme case. The high equivalent widths shown by our two galaxies 
reveal very strong and young star formation activity. The ages and stellar mass of the recent 
star formation episodes can be estimated from the luminosities and equivalent widths of the 
Balmer lines. By assu ming an instantaneous burst of star formation, and using Starburst99 



(ILeitherer et all 119991 ) for a Kroupa IMF with M„p = 100 M© and M^^u, = 0.5,0.1 Mq and 



the Padova AGB tracks, we find that the ages predicted are 5.8 and 4.5 Myr (5 and 4 Myr 
using Geneva High tracks) for DRP-A539a and DRP-A634a respectively. The corresponding 
masses which are being converted into stars are 2.0 and 2.2 lO^M© respectively, with an un- 
certainty of 15/^. This computation assumes the approximation that all Lyman continuum 
photons are absorbed by the gas. 



Figure [7] shows the luminosity-metallicity relation for dwarf galaxies (after lPilyugin. Vilchez. &: Contini 



20041 ) ■ including the points for DRP-A539a and DRP-A634a, with Mb = -15.60 mag and 
— 15.89 mag respectively. B absolute magnitudes have been obtained from M r,/ after apply- 
ing the correction term g' — B = —0.21, as reported by iFukugita et al.l (119951 ) for late-type 
dwarf galaxies. The two points follow the mean relation reported for nearby dwarf galaxies 
an d remain far from the locus occupied by typical tidal dwarf galaxies (TDG) (see review 
by iKunth fc Ostliru |2000| and references therein). In figure [3, the point corresponding to 



^The derived values for the age and stellar mass of the burst are the nominal values obtained from the 
measured imaging Ha flux and corresponding error (derreddening error is included). 
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the integrated system LSB-A634a+DRP-A634a appears to separate from the luminosity- 
metaUicity relation by more than 1 mag, being too luminous for the metallicity derived for 
DRP-A634a (table S]). 



Discussion 



4.1. DRP-A539a 



Figure [8] shows the optical DSS (Palomar Digitalized Sky Survey) frame of the inner 
region of the cluster A539. Contours corresponding to the X-ray emissior^ and to the surface 
density of galaxies (from 2MASS) of A539 are overlaid. It can be seen that the maxima of 
surface densit y of galaxies and X-ray are co incident. The X-ray luminosity of A539 is 6.7 



]^q44 gj,g g 1 (|\Yhite. Jones &: FormanI 119971 ). Its velocity dispersion was estimated to be 



629 km s~^, thus giving a total dynamical mass for the cluster of 32 x 10^^ M© (Struble & 
Rood 1999). The projected distance of DRP-A539a from the center of A539 is 300 kpc, which 
corresponds to 0.2 x r2oo- This short distance together with the measured radial velocity of 
DRP-A539a, ensures t hat this object is well within the region defined by the caustic of the 
cluster (see Figure 2 of lRines et al1[200#l ). 



The existence of such an active star forming object at such a short distance from 
the center of a cluster is unusual and opens several questions about its nature and ori- 
gin. One possibility is that this object could be a tidal dwarf galaxy, resulting from a 
galaxy-galaxy interaction. Thes e kinds of object s have been previously reported in different 



environments such as clusters (Due et al. 19991. 



( Ilglesias- 



'aramo fc Vflchez 



2001 



2000 



Iglesias-Paramo et al.ll2003l ). groups 



Mendes de Oliveira et al. 



galaxies (IMirabel. Dottori fc Lutz 



1992 



20041 ) or just pairs of interacting 



Due et allboooh . TDGs originate out of the tidal 



features resulting during the interaction, and under certai n conditions they can escape the po- 
tenti al well of the parent galaxy and evolve independently (lElme green. Kaufman fc Thomasson 
19931 ). A visual inspection of the ON-band and OFF-band frames shows no signatures of 
galaxy-galaxy interactions around DRP-A539a. The closest galaxy is 2MASX J05165377+0619216, 
an SO galaxy whose radial velocity is f = 8063 km s~^, located at a projected distance of 
32 arcsec (about 18 kpc). We analyzed the isophotes of this galaxy and did not find any 



^From 0.4-2.4 Kev ROSAT map. 

^In the particular case of A539, the caustic appears well defined and any possible contamination is low. 
However, these authors remark that although the caustic separates cluster members from foreground and 
background galaxies in a more efficient way than the velocity sigma clipping, still some interloppers may lie 
within the caustics. 
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distortion or abnormal twist of the isophotes that could be taken as a signature of inter- 
action. Moreover, no diffuse emission was detected around this galaxy in the direction of 
DRP-A539a. In addition, as shown in Figure [TJ DRP-A539a follows the mean luminosity- 
metallicity relation derived for a large sample of dwarf galaxies. Based on these arguments, 
we can discard DRP-A539a as being a TDG. 

Another possibility is that DRP-A539a is the product of ICM- induced efficient star 
formation in gas clouds drifting into the cluster (IBekki fc Couchll2003l ). In this scenario the 
star formation activity results from the compression of molecular clouds stripped from spiral 
galaxies through galaxy-galaxy or galaxy-tidal field inte ractions. Isolated in t ra-cluster Hll 



regio ns have already been reported in the Virgo cluster (iGerhard et al.ll2002l : ICortese et al. 



2004 1). However, these Hll regions are more than one order of magnitude l ess lum inous than 
DRP-A539a. It should be noted that the objects studied in lCortese et al.l (120041 ) are located 
close to the two bright spirals VCC 836 and VCC 873, which are probably their progenitors. 
Nonetheless, DRP-A539a does not appear to be associated to any gas-rich bright galaxy, 
suggesting that either the parent molecular cloud is the result of an ancient episode of gas 
stripping, where the stripped galaxy is already far away, or rather we are facing a star 
forming dwarf galaxy (SFDG) falling for the first time into the cluster core. Theoretical 
models predict that SFDGs lose their external gas very rapidly when they enter the cluster 
potential we ll, due to the r a m pr essure exerted by the ICM (IMori et al.l l2000l ) and also, 
according to lBekki fc Couch! (120031 ) .the timescale for transformation of gas into stars due to 
ICM pressure is of the order of 10 Myr; for this reason we argue that DRP-A539a is in the 
very early stages of the infall process. 



4.2. DRP-A634a 

Figure [9] shows the optical DSS frame of the cluster A634 with the overlaid contours 
corresponding to the surface density of galaxies derived from 2MASS. This cluster is not 
detected in X rays by the ROSAT mission, so an upper limit of 6-10^^ erg s~^ is adopted 
for its X-ray luminosity. The non detection of X-ray emission means that this cluster is 
probably in the process of formation and therefore a virialized core is not yet in place. 
Nevertheless, the smoothed surface density contours from 2MASS show a dense central 
aggregate of galaxies showing the galaxy cluster location and shape. We must note that the 
cluster center as indicated by the 2MA SS-contours, a = 08:15 :08, 6 = +58:14:58, is about 12 



arcmin away from the center quoted in lStruble &: Rood! (119991 ). Hereafter, for our dynamical 



considerations and being conservative, we have adopted the center of the cluster inferred by 
the 2MASS contours. The heliocentric velocity measured for DRP-A634a differs from the 
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cluster heliocentric velocity by 1.34 x 0-^634 km s~^, and this object is located at a projected 
distance of 398 kpc from the cluster center. Both values, heliocentric velocity and projected 
distance, would p lace DRP-A634a within the caustic of every galaxy cluster presented in 
Rines et al. ( 2003 ). at the 2 a confidence leve|f|; Especially in the case of A194, a cluster 
presenting velocity dispersion and extension in the sky very similar to those of A634. The 
non detection in X-ray of A634 together with the substantial distance of DRP-A634a to the 
cluster center, may weaken the hypothesis that the strong star formation activity shown by 
this object could be the result of compression of molecular clouds due to the pressure exerted 
by the ICM. Nonetheless, we must bear in mind that the lack of detection of X-Ray emission 
in A634 does not necessarily mean it is devoid of a significant ICM. 

The comparable radial velocities measured for DRP-A634a and LSB-A634a, and their 
close position in the sky could be indicative of both objects being physically related. The 
optical morphology of the LSB-A634a+DRP-A634a system may suggest an edge-on, late- 
type, low surface brightness galaxy, with an off-center very bright knot accounting for most 
of the optical light. In this scenario, would this system be anywhere close to the TuUy-Fisher 
(TF) relation? To answer this question, first we have assumed that the difference between the 
radial velocities of DRP-A634a and LSB-A634a_knot provides an estimation of the internal 
velocity of the s ystern , giving 2 V^ax ~ 80 km s~^. Secondly, we have applied the results of 
Pierini fc Tuffsl (119991 ). who derived the TF relation for a sample including dwarf star- forming 
galaxies from the Virgo Cluster Catalogue in the K' band. The Mk' magnitude of the system 
was derived from the Mb magnitude (see sect. 3) making use of: 1} the average {B — K) 
colour for the Virgo sample of 57 {Sdm-Sd/Sm to Im/BCD) galaxieqj: {B — K ) ~ 2.85; and 
2) the mean colour, {B — Kg) ~ 2.20, obtained for the sample of BCDs from iNoeske et al. 
(120031 ). Taking the average value of both results, < {B — K) >= 2.53 ± 0.33, we found 
Mk' = -19.70 ± 0.3 5 mag for the system LSB-A634a+DRP-A634a. Applying the fit of 



Pierini fc Tuffsl (119991 ) (see their figure 6) to our value of Vmax, their TF relation predicts 
Mk' = —16.89 mag, nearly 3 mag fainter than the value of M^' estimated above for the whole 
system. In the optical, several papers on the TF relation for low luminosity galaxies have 



appea red recently. The TF relation for local discs and irregular galaxies from IZiegler et al. 



( I2OO2I ) would predict a value of Mb ~ —15 mag for our Vr nnx ^ 40 km s ^, about 2 mag 



fainter than the value measured for our system. According to ISwatersI (119991 ) (figure 13, page 
117), galaxies with absolute magnitudes fainter than Mr' ~ —18 systematically fall below 



^ In the case the cluster center quoted by Struble fc RoodI ( 1999 ) is adopted, the corresponding projected 
distance would amount to 16 kpc and DRP-A634a will be a cluster member at a higher confidence level. 



The GOLDmine database (jGavazzi et al.l l2003bf ) was used to derive these data 



http://goldmine.mib. infn.it/i 
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a straight line TF relation. This fact has been highlighted by iMcGaughl (120001 ) pointing 
out the different evo lution ary stage of gas-rich dwarfs with respect to spiral discs. More 



recently ISchombertI (120061 ) concluded that dwarf galaxies form a distinct sequence, being 



more diffuse than disc galaxies. To summarize, the predictions of the TF relation for galaxies 
with internal velocity of order Vmax ~ 40 km s~^ yield luminosity values much fainter than 
that determined here for this system. On the other side, as mentioned in sect. 3 this 
integrated system separates from the luminosity-metallicity relation being too luminous for 
its metallicity. According to these findings, the object formed by LSB-A634a+DRP-A634a 
is not proven to be a single galaxy. 

Even though the LSB-A634a+DRP-A634a system is not likely to be a single galaxy, 
still both objects could be physically related. Under this assumption, we propose that the 
strong star formation activity shown by DRP-A634a is the result of the encounter between 
these objects. In fact, examples of recent star formation bursts associated to small groups 
of galaxies which are falling irito a cluster have already been reported in the literature 
( Sakai et al. 2002; Gavazzi et ahlboO^ : Cortese et al. 2006 ). and are thought to be associated 
to the so-called preprocessing of galaxies before entering the cluster environment. This 
mechanism could account for a non negligible fraction of the evolution of galaxies in dense 
environments. Further observations of this intriguing system are needed in order to fully 
understand its nature and evolutionary state. 



5. Conclusions 

We have reported two examples of extreme star forming objects in nearby clusters with 
different properties and at different evolutionary phases. The observations show that albeit 
they do not share the same origin, both compact and young starbursts show a very intense 
star formation activity, even when compared to similar objects in other nearby clusters or 
in less dense environments. 

The origin of the two starbursts reported in this paper are probably associated to differ- 
ent physical mechanisms: DRP-A539a is directly associated to the dense and hot ICM which 
compresses intergalactic clouds and induces star formation episodes in a short timescale, be- 
fore ram pressure is able to sweep the external gas. The case of DRP-A634a can be related 
to the so-called "preprocessing" of galaxies before they enter the cluster environment. In 
this case, the aggregates of galaxies whose final fate is to fall into the cluster inner regions, 
are the environments where secondary evolution is taking place. 

Two questions arise from these considerations: what is the relative importance of such 
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compact and extreme starbursts with respect to the global SFR of nearby clusters? and, is 
there any evolutionary link betwee n them and the early-ty pe ultracompact dwarf galaxies 
already reported in the literature? (jPrinkwater et al.l 120041 ) To answer the first question, a 
detailed search based on Ha surveys is required. We note that an extensive spectroscopic 
survey of Abell 539 devote d to studying the star formation in cluster galaxies has been carried 
out by iRines et al.l (120051 ) . but DRP-A539a was not selected there because their sample of 
galaxies was NIR-magnitude limited. The same would have happened with DRP-A634a if 
the cluster A634 had been surveyed under the same conditions. These non detections are 
naturally explained by the fact that these objects are dwarfs and very young. However, they 
show up very easily in wide field Ha imaging surveys despite their size and small stellar 
content. These kinds of surveys are required to carry out a detailed census of compact 
starbursts in clusters of galaxies. In this way, their relative contribution to the total SFR 
budget of nearby clusters will definitely be determined. As concerns the seco nd question 



sever al explanations have already been proposed for the origin of UCDGs (see IJones et al. 



20061 for an interesting review), although the discussion remains open. We propose that 



compact and strong starbursts like the ones presented in this paper could evolve to early- 
type dwarf galaxies after cessation of star formation and, if stripping is efficient as the galaxy 
approaches the innermost regions of the cluster, become UCDGs like the ones reported 
in Virgo and Fornax clusters. A complete census of compact starbursts in clusters, with 
accurate projected positions and surface densities will also help to answer this question. 
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Table 1. Imaging observations log. 



Object Filter Exp. time Date 

(s) 



DRP-A539a 


ON 


5 X 600 


3 Dec. 


2002 




ON 


1 X 1200 


3 Dec. 


2002 




ON 


1200 


4 Dec. 


2002 




OFF 


2 X 1200 


28 Feb. 


2003 




OFF 


5 X 600 


28 Feb. 


2003 




OFF 


1200 


4 Dec. 


2002 




r' 


3 X 300 


3 Dec. 


2002 


DRP-A634a 


ON 


1200 


9 Feb. 


1999 




ON 


2 X 1200 


26 Feb. 


2003 




ON 


3 X 400 


28 Feb. 


2003 




OFF 


1200 


9 Feb. 


1999 




OFF 


2 X 1200 


26 Feb. 


2003 




OFF 


4 X 400 


28 Feb. 


2003 
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Table 2. Basic photometric properties of DRP-A539a and DRP-A634a measured from our Ho; 
and continuum frames: (1) Object Id; (2) R.A.; (3) Dec; (4) Hq:+[Nii] luminosity corrected for 

Galactic extinction; (5) Hq;+[Nii] equivalent width 



Object 


R.A. 


Dec. 


L(Hq;+[Nii]) 


EW(Hq;+[Nii]) 




(J2000) 


(J2000) 


(10-*o erg s-i) 


(A) 


DRP-A539a 


05:16:51.7 


+06:19:32.1 


1.27 ± 0.03 


430 ± 60 


DRP-A634a 


08:13:55.6 


+58:02:32.4 


2.38 ± 0.21 


1010 ± 230 


LSB-A634aJ<not 


08:13:57.0 


+58:02:42.5 


1.03 ± 0.25 


65 ± 23 


LSB-A634a+DRP-A634a 






3.4 ± 0.4 


190 ± 40 
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Table 3. 


Spectroscopy 


Observations 


log. 






Object 


Date 


Spect. Range 


Exp. Time 


Slit width 


Position anj 


gle'^ 






(A) 


(s) 


(arcsec) 


(deg) 




DRP-A634a 


2004-11-19 


3700-6100 


1 X 1800 


1.2 


245.5 




DRP-A634a 


2004-11-19 


6000-8000 


1 X 1800 


1.2 


235.5 




DRP-A539a 


2004-12-09 


3700-6100 


3 X 1800 


0.4 


336.4, 356.4, 


15.4 


DRP-A539a 


2004-12-09 


6000-8000 


3 X 1800 


0.4 


312.7, 323.1, 


30.4 


LSB-A634a+DRP-A634a 


2004-12-09 


6000-8000 


1 X 600 


0.4 


54.0 





Note. — ^Position angle (measured from North to East) corresponds for every value on the table 
to the Parallactic Angle except the last exposure. 
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Table 4. Reddening corrected line intensities of the Objects DRP-A539a and 
DRP-A634a relative to H/?=1000. The reddening coefficient C(H/9), electron 
temperatures, oxygen abundances, as well as the H/9 flux and the equivalent 
width and for H/3, Ha and [On] are quoted. H/3 flux has been corrected for 
Galactic and intrinsic extinction using the extinction law R — 3.1 and their 



Line 


A 

(A) 


r 

lA 


■p\T>T> A COC\^ 

UKr-A539a 


UKr-A634a 




3727 


0.28 


1058 ± 7 


375 ± 17 


[Nelll] 


3868 


0.24 


522 ± 14 


419 ± 80 


Hi 


3889 


0.24 


210 ± 19 


112 ± 15 


Hi 


3970 


0.22 


320 ± 30 


258 ± 17 


fSiil 


4068 


0.20 


77 ± 15 




RS 


4101 


0.19 


268 ± 15 


171 ± 22 




4340 


0.13 


513 ± 10 


473 ± 21 


fOiiil 

L J 


4363 


0.13 


70 ± 20 


202 ± 16 


Hel 


4471 


0.10 




53 ± 13 


fArlvl 


4711 


0.04 




59 ± 14 




4861 


0.00 


1000 ± 16 


1000 ± 10 


[Oiiil 

L J 


4959 


-0.04 


1869 ± 7 


2740 ± 14 


fOiiil 

L J 


5007 


-0.05 


5280 ± 40 


8272 ± 10 


Hei 


5876 


-0.26 


73 ± 8 


105 ± 10 


Ha 


6563 


-0.37 


2827 ± 5 


2789 ± 5 


[Nil] 

L J 


6584 


-0.37 


47 ± 5 


27 ± 5 


Hei 


6678 


-0.38 




29 ± 5 


[Sii] 


6717 


-0.39 


112 ± 10 


46 ± 5 


[Sii] 


6731 


-0.39 


130: 


29 ± 5 


Hei 


7065 


-0.43 




58 ± 7 


[Arm] 


7135 


-0.44 




85 ± 9 


cm 






0.27 


0.47 


Te([0lll]) 


(K) 




12800 ± 1500 


16800 ± 700 


Te([Oll]) 


(K) 




11900 ± 1000 


14800 ± 500 


12+log(0+/H+) 






7.65 ± 0.14 


6.75 ± 0.06 


12+log(0++/H+) 






7.93 ± 0.14 


7.83 ± 0.05 


12+log(0/H) 






8.12 ± 0.14 


7.87 ± 0.06 


nm 


(10~^^ erg cm~^ s~^) 




4.21 ± 0.09 


8.75 ± 0.08 


EW(H/5) 


(A) 




77 ± 17 


280 ± 90 


EW(Ha) 


(A) 




510 ± 90 


1290 ± 120 


EW([Oii]) 


(A) 




70 ± 15 


110 ± 40 
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Fig. 1. — ON-band (Ha - left) and OFF-band (red continuum - right) images of DRP-A539a 
region. The arrow indicates the position of the object. 
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Fig. 2.— ON-band (Ha - left) and OFF-band (red continuum - right) images of DRP-A634a 
region. The downward arrow indicates the position of DRP-A634a. The upward arrow 
points to LSB-A634a_knot . The low surface brightness structure apparent in the right 
panel is LSB-A634a. 
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Fig. 3.— Combined spectrum of DRP-A539a scaled to [Olll]A 4959 A. 
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Fig. 4.— Same as Figure [3] for DRP-A634a. 
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Fig. 5. — The solid line shows the spectrum of LSB-A634a_knot, spatially binned to increase 
the signal to noise ratio. The dashed line shows the spectrum of DRP-A634a around the Ha 
line. The scale of the flux axis has been set to show the Ho; line of the knot component. 
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Fig. 6. — Radial profiles of DRP-A539a (upper panel) and DRP-A634a (lower panel) indi- 
cated by the dashed lines. The solid lines correspond to the stellar profiles averaged over a 
large number of stars for each frame. 



- 29 - 



T 



8.5 



o 



cn 
O 



+ 
CN 



!.0 



7.5 



□ 



□ □ 



tT 



□ 



□ 



u 

-Qr" 
—<> 

DRpiA634Q 



DRP-A5J9d 
□ □ 



□ p 

' □ 



12 



14 



1 6 



Mf 



18 



Fig. 7. — Luminosity-Metallicity relation for nearby dwarfs galaxies (open squares) 
adapted fromlPilyugin. Vilchez. fc Continil (12004 ). "T" symbols represent Tidal dwarfs (e.g. 
Kunth fc OstlinI l2000l and references therein). Our objects are overplotted as open dia- 



monds with their error bars. The position of the luminosity of the ensemble system 
LSB-A634a+DRP-A634a, is pointed out by the arrow. 
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Fig. 8.— Abell 539 cluster DSS image with X-Ray ROSAT detection (white) and 2MASS 
galaxy spatial-density contours (black) overplotted (2x2 degrees) (relative units have been 
used for both contours parameters). Cross marks the position of the compact starburst 
galaxy relative to the cluster center. (North is to the top and East is to the left.) 



Fig. 9. — Abell 634 overview (2x2 degrees) with the 2MASS galaxy spatial-density contours 
(relative units, black). Cross marks the position of the compact dwarf galaxy detected (North 
is to the top and East is to the left) . Because of the extreme low X Ray emission detected 
by ROSAT for this cluster, no X-Ray contours can be overplotted. 



